This paper proposes a design method of a PD controller with consideration of acceleration responses of an auxiliary mass for active mass dampers (AMDs) operated by a combination system of a neural oscillator and position controller. In the former proposed controller, a desired value of the auxiliary mass was calculated by the output of the oscillator synchronized with the structure's vibration response, and the auxiliary mass was operated to the desired value by the position controller, then the resulting motion of the auxiliary mass mitigated the vibration of the structure. This system can easily solve the stroke limitation problem of the AMD by saturating the desired value of the auxiliary mass within the limit, however the ratio of the control force to the mitigation of the structural acceleration, called as cost-performance, is worse than the system designed by the ordinary linear control method. Therefore, the purpose of this paper is the improvement in the cost-performance of the system by reconsidering the design method of position controller's gains. For this purpose, the gains of the position controller are designed with consideration of the acceleration response of the auxiliary mass, that is tried to approach asymptotically to the ideal sine wave. Numerical simulations with several types of earthquakes indicate that the modified controller has better cost-performance when compared with the former controller. 
Proposed control system; the auxiliary mass is driven after measurement of the vibration response of a structure quaked by ground input. The structural vibration response is input to the neural system including the neural oscillator synchronized with the input. The neural system generates the desired displacement value of the auxiliary mass, and sends the information to the position control system; PID controller. Then the auxiliary mass is driven to the desired value by the PID controller. The control force for the driving of the auxiliary mass acts on the structure to reduce the structural vibration as the reaction force.
Controlled object (Target model). This figure shows a single-degree-of-freedom structure model with an AMD system. In the figure, m S , k S and c S are the parameters of the structure, respectively, and m A is the auxiliary mass. The auxiliary mass of the AMD is operated by control force u. x S , x A and z denotes the relative displacement of the structure, the relative displacement of the auxiliary mass and the ground acceleration, respectively.
（1）
神経系(Neural system)内の神経振動子として本研究では松岡神経振動子モデル を用いる． Fig. 3 Response of neural oscillator synchronizing with sinusoidal wave; In this figure, the output of the neural oscillator shown in the lower figure is affected by the sine wave input, which is applied to the oscillator at the 50s, shown in the upper figure. The amplitude of the neural oscillator increases in comparison with the case of no input. In this simulation, the parameters of the neural oscillator are c = 1.634, τ = 0.212, T = 2.54, b = 2.52, a = 2.52, ε = 1, respectively, and the natural frequency of the neural oscillator is designed at 1 rad/s. In addition, the frequency of the sinusoidal wave input is 1 rad/s and its amplitude is 3. ,max max cos Fig. 4 Result of parameter search; In this figure, the horizontal-axis is k P , and the vertical-axis is cos β A . The red curve shows the response of cosβ A to the change of the k P . In addition, the arrow indicates the P-gain which gives the maximum value of cosβ A .
数値シミュレーション
本章では， 新たに導入した補助質量の加速度応答に基づく PD 制御器の設計手法の先行研究に対する優位性を 数値計算によって検証する．表 1~3 に数値シミュレーションに用いたパラメータを示す． Table 1 Simulation parameters of control target. Fig. 5 Step responses of the auxiliary mass; In this figure, the left side shows the step responses (displacement) of the auxiliary mass and the right sided shows these acceleration responses. The gray curve means the ideal pass, which is obtained by assuming that the structure's vibration response is close to the sinusoidal wave at the resonance point. The red curve means the response of the auxiliary mass driven by the PD controller designed by the improved method and the blue curve means that of the PD controller designed by the previous method for comparison. From this figure, it is obvious that the step responses (displacement) have no overshoot, and the shape of the acceleration response driven by the improved PD controller closes to that of the ideal pass when compared with the previous controller. On the other hand, in the left side figure, the displacement response of the improved PD controller does not reach to the desired value 1, and has the large remaining errors. (c) show the structure's acceleration response, AMD's displacement response and control force, respectively. The red curves mean the results using the PD gains designed by the proposed method, and the blue curves mean the results using the PD gains designed by the previous method. In addition, the structure response without control is shown in the figure of the acceleration response for comparison, and the desired value for the auxiliary mass is also shown in the figure of the AMD's displacement From these figures, it is clear that the PD controller designed by the proposed method can improve the cost-performance of the system. ) show the relationship between the performance and the maximum control force, the relationship between the performance and the maximum AMD's stroke and the relationship between the maximum AMD's stroke and the maximum control force, , respectively. In this figure, the performance is calculated by Eq. (13). In addition, the 16 types of earthquake waves are used to shake the target structure. 
Control target
m S 10kg c S 1.244Ns/m k S 387N/m m A 0.5kg
